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L.  LoFiego  and  E.  !U  Ringer 
NOL  Files 

Speetrogrsphic  Studies  of  Pyrotcclinic  Flares  ( !0Ir-U0-R.G2a-U0O3 ) 

Tlie  laboratory  wa  a requested  to  develop  a pyrotechnic  composition 
wiiich  during  burning  would  emit  radiations  vdiich  aro  not  present 
JLn  solar  radiations  at  an  altitude  of  60,000  feet*  Atmospheric 
ozone  at  altitudes  above  60,000  feet  absorbs  radiations  of  less 
than  2900  A,  It  would  be  impractical  to  consider  wavelengths  of 
less  than  2?C0  A because  of  atmospheric  scattering.  For  those 
reasons,  attc  -rpte  were  r.uido  to  develop  conpo3it5.0iis  which  would 
provide  radiant  energy  in  the  2700~«;/00  A wavelength  region. 

Several,  cor- 'positions  were  prepared  and  spectrograploically  examined 
fer  ultra  violet  content.,  Although  incandescent  particles  in  ths 
pyrotechnic  flares  of  several  compositions  produced  radiation 
continuums  which  extended  to  the  dosirsd  spectrum  region,  the 
total  available  energy  in  this  region  was  found  to  be  exceedingly 
s call  a Attomptc  to  increase  the  radiant  energy  in  the  27002900  A 
wavelength  region.  by  excitation  of  molecular  band  spectra  were  not 
successful.. 


Fad: 


Rafn: 


Enclax 


Th,i3  Tinnoranc’.:.ri  is  based  on  experimental  work  carried  out  jointly 
by  represents -Ivor  of  the  ^munition  and  Physical  Optios  Uivxaxnns 
Tl  a data  and  corxlusiona  represent  the  best  judgment  of  these 
divisions  at  this  fciiaoc, 


(a)  BuOrd.  ltrc  to  UOL  File  I!P>l(Ro2a''  dated  29  June  19h8g  IJOL 
File  I IPj?l/37 8~1(  6-352 ) 

(o)  Pearr.o,  ft.V/.B*  and  C-aydon,  A.G.  "The  Identification  of 
Molecular  Spectra”  Crx.pn.an  U Hall,  London,  I7I4I0 

(A)  Table  I,  Table  II  ar.d  Table  III0 

(B)  Plates  I through  Plate  V3 


now  10619 


~Y283? 


NOTICE:  When  government  or  other  drawings,  speci- 

fications or  other  data  are  used,  for  any  purpose 
other  than  in  connection  with  a definitely  related 
government  procurement  operation,  the  U.  S. 

Government  thereby  incurs  no  responsibility,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Govern- 
ment may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other- 
wise as  in  any  manner  licensing  the  holder  or  any 
other  person  nr  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  use  or  sell  any- 
patented  invention  that  may  in  any  way  be  related 
thereto. 


1.,  Reference  (a)  requested  the  laboratory  to  develop  a burning 
type  pyroteclmic  composition  which  Trould  provide  a high  level  of  radiant 
energy  in  tltat  region  of  the  spectrum  from  which  all  solar  radiation  is 
absorbed  by  the  earth’s  atnospliere  above  60,  000  feat*  In  order  for  a 
pyroiecimic  composition  to  meet  the  above  requirements,  an  appreciable 
portion  of  tlie  radiant  energy  emitted  from  a burning  composition  should 
fall  in  wavelengths  of  less  than  2900  A,  Solar  radiant  energy  of  less  than 
2900  A is  absorbed  at  altitudes  above  60,000  feet  by  atmospheric  O2one* 
Another  practical  limitation  is  imposed  by  the  atmospheric  scattering  of 
radiant  energy  of  wavelengths  less  tlian  2700  A.  Ilierefore,  the  investi- 
gation of  pyrotechnic  compositions  which  during  burning  emit  radiations 
in  the  wavelength  region  of  2700-2900  A speared  to  be  the  r.03t  desirable 
approach o 'A’hc  transmission  in  this  region  under  optimum  conditions  is 
approximately  U0£  per  mils  compared  to  60;$  per  mile  for  visible  radiation o 

20  The  spectra  of  pyrotechnic  flame3  consist  of  superimposed  line, 
band  and  continuous  spectra  due  to  atoms,  molecules  and  incandescent 
particles  „ Incandescent  particles  in  pyroteclinie  flames  produce  a radiation 
continuum  somewhat  similar  to  that  produoed  by  black  body  radiatogs* 

Because  the  temperatures  of  pyrotechnic  flames  rarely  exceed  3QQQ°K,  ths 
energy  obtained  from  incandescent  particles  in  the  270O-29fX)  A wavelength 
region  normally  will  not  be  more  than  *001  percent  of  the  total  energy- 
The  energy  in  this  region  can  be  increased  by  excitation  of  molecular 
band  spectra*  The  available  excitation  energies  are  determined  by  the  flame 
tempera turos  and  therefore  in  conventional  pyrotechnic  flames  are  limited 
to  a few  electron  volt3*  Because  of  the  temperature  limitations,  the 
desired  band  spectra  must  arise  from  transitions  between  a few  of  the 
lower  levels  or  the  molecules,  the  lower  level  being  the  ground  state  and 
tiie  upper  level  not  exceeding  a few  electron  volts* 

3«  A survey  of  molecular  emission  spectra  was  unciertalisn  to  do  tormina 
possible  pyrotechnic  formulations  which  night  produce  the  desired  radiations* 
Reference  (b)  indicated  that  if  sufficient  excitation  energy  was  available 
in  a flame  containing  boron  oxide  (130),  phosphorous  oxide (P0),  silicon 
oxide  (3i0)  or  sulfur  (S2),.  band  spectra  in  the  desired  wavelength  region 
would  be  produced*  Table  I of  enclosure  (A)  lists  the  desired  molecular 
emitter?!,  the  band  spectra  and  tlie  excitation  energy  of  each  emitter  * 

li,  Tlie  formulations  of  the  experimental  compositions  investigated 
ore  shown  in  Table  II  of  enclosure  (A),  which  also  indicates  the  desired 
molecular  emitter  from  each  pyrotechnic  composition*  It  should  be  noted 
that  every  attempt  was  made  to  obtain  high  flame  temperatures  with  a 
burning  rather  than  an  explosive  mixture  * For  this  reason  the  percentage 
of  magnesium  in  the  sodium  nitrate  mixtures  was  kept  low*  Vfax  was  used 
as  a binder  and  also  as  a means  of  increasing  the  burning  time  of  the 
pressed  pellets*  The  grapliite  facilitated  the  pressing  of  the  compositions 
into  compact  pellets* 


£0  The  radiation  from  the  turning  flares  was  recorded  by  weans 
of  a Baus ch  and  Lonb  medium  quarts  spectrograph,,  Tha  spectrograms 
obtainad  are  shovm  in  Plates  I through  Plate  V of  enclosure  (•',),  In- 
fo mati  on  regarding  each  s.  •*.  trograza  is  found  in  Table  III  of  enclosure 
(A)  <i 


6,  As  discussed  in  paragraph  2,  continue  were  obtained  with  line 
and  band  spectra  superimposed.  Tiie  continuum  shovm  in  plato  IV,  Figure 
1 extends  to  approximately  2700  A»  r>eif  reversal!,  of  the  2 op 2 A nagnesium 
line  (Plate  IV)  indicates  tliat  excitation  energies  of  at  least  h03 
electron  volts  were  produced.  Attempts  to  produce  radiation  in  the  2700- 
2900  a wavelength  region  by  excitation  of  nolecular  band  spectra  were  not 
successful. 


7.  It  can  be  concluded  that  tlie  radiant  energy  obtainable  in  the 
short  wavelength  regions  of  the  spectrum  is  appreciably  limited  by  the 
flame  temperature  of  the  burning  pyrotechnic  compositions*  It  is  felt 
that  it  would  be  useless  to  investigate  additional  flare  compositions  until 
the  high  Icvol  radiant  energy  requested  by  reforence  (a)  is  defined.  It 
is  believed  tliat  a practical  definition  could  be  obtained  by  determining 
tho  oinixiun  onorgy  in  the  ilnsired  vravolcngth  region  which  would,  nnot.  the 
tactical  requireraent?  of  proposed  receivers* 

ruis  report  teminatea  the  work  which  has  been  undertaken  in 
connection  1th  the  project#  establislied  by  reference  (a)B 
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Table  I (Enclosure  (a) 


Desired  Molecular  Emitter 


Excitation.  Energy 
(Electron  volts) 


Band  Sjxjctra  (A) 


Boron  Oxide  (BO) 

5.29 

Phosphorous  Oai.de  (I’D) 

5-0 

Silicon  Oxide  (SiO) 

5.26 

Sulfur  (S2) 

3.?Ui 

3k93-2203 

2721-2208 

2925-2176 

6300-2;sx 


Table  II  (Enclosure  (A) 


Composition 

fiugjber- 

1 

2 

3 

h 

$ 

6 

7 

f 

8 
9 

10 

11 

12 

13 


Forraulation  (%  by  t7.t«) 

UaII0^-60j  >U0 

I !al  IO3-680  50 jI.fc-6  . 85 ; P-13  Ji  j .VAX-6. 85  \ 

Grapnite  lulE 

tlai  1O3-6U ; ! Ig-I2 . 8 ;S  i~12 „ 3 j~:aX-6*5 jGraphite  3®  9 
Hal  10^-70;  13-30 

1 101103-50  jl  £10 } CaSi-10 ; B-22 VAX-5  jGrapliite  3 
NaNO^-50 jMglO jSi-10 $ B-22 ;“rAX  5;  Graphite  3 
I!aII03-50|I  &-5  l P-10, 3-27 jt;AK-5 jGraphite  3 
I lal IO3-0O j I .£-18 o 3 J P-12 jV.'AX  6j  Grapliite  3-7 
Ea(li03)2-5l-6j!!g«36o2|CaSi-3.1|Al-2.1|T.rAX  7 
Formula  9-90;.:jP-10>$ 

Fornula  9-90£}Si-105 
Formula  9-90£|3-10& 
nalJ03-33.3^;2rlI03-33<>3^5B-33,35S 


Desired 

Emitter 


DO 

PO 


S±0 

DO 

SiO  and  BO 
SiO  and  BO 
BO  and  PO 


nr. 

& w 

SiO 

PO 

SiO 

S2 

BO 
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Table  III  (Enclosure  (A) 


Plate  :.'unbcr 
(3ee  Eticlosure  (B) 

Figure  number 
(See  Enclosure  (3) 

Conposition 

Humber 

(See  Table  II ) 

Exposure  Tims 
(Secs.) 

T 

1 

1 

15 

I 

2 

2 

15 

I 

3 

3 

1 

IT. 

1 

U 

2.5 

II 

2 

5 

II 

3 

6 

9 

III 

1 

7 

2.5 

HI 

2 

B 

12 

IV 

1 

9 

15 

1^ 

* 

10 

6 

IV 

1 

s 

11 

10 

■«» 

V 

JL 

12 

10 

V 

13 

10 
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PLATE  4 
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